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FOREWORD 

This  r e p o r t  w a s  p r e p a r e d  by the  Hughes A i r c r a f t  Company under  

con t r ac t  number  NAS 8-  11026, "Development of Die l ec t r i c  Windows 

for  Spacecraf t  Antennas,  I '  for the George  C.  Marsha l l  Space F l ight  

Cen te r  of the National Aeronaut ics  and  Space Adminis t ra t ion .  The  

work  w a s  admin i s t e red  under  the  technical  d i rec t ion  of the P ropu l s ion  

and Vehicle Engineer ing Division, Engineer ing Mate r i a l s  Branch  of the 

George  C.  Marsha l l  Space F l ight  Cen te r  with M r .  E . C .  McKannan 

act ing as P r o j e c t  Manager .  

. 
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ABSTRACT 

5T3’S- 
Screening tests of a number of re inforced  p l a s t i c s  have been 

completedwith the exception of the de te rmina t ion  of the effect  of u l t r a -  

violet  i r r ad ia t ion  on the d ie lec t r ic  p rope r t i e s .  

men t s  conducted with the resonant  cavity d i e l ec t rome te r  i n  a vacuum 

chamber  demons t r a t ed  the pract ical i ty  of making high vacuum d ie l ec t r i c  

m e a s u r e m e n t s .  At the  s a m e  t ime,  difficult ies experienced i n  the 

vacuum stabi l izat ion of re inforced p las t ics  d i e l ec t r i c  spec imens  showed 

the necess i ty  f o r  equipment especially designed to  p e r f o r m  high vacuum 

Die lec t r ic  m e a s u r e -  

d i e l ec t r i c  m e a s u r e m e n t s .  

iv  
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INTRODUCTION 

The  pr inc ipa l  object ive of this p r o g r a m  i s  the development  and  

qualification tes t ing of m a t e r i a l s  to be  used  in  the fabr ica t ion  of 

r adomes  fo r  spacec ra f t  an tennas .  

d i e l ec t r i c  loss ,  s t rong ,  r igid,  c r e e p  r e s i s t an t ,  low i n  permeabi l i ty  

to  g a s e s ,  and relat ively s table  to the space  environment .  Since no one 

m a t e r i a l  can be expected to be ideal  in all r e s p e c t s ,  c o m p r o m i s e s  w i l l  

have to be made  and probably m a t e r i a l s  of composi te  cons t ruc t ion  w i l l  

be  r equ i r ed  in  o r d e r  to m e e t  all of the r equ i r emen t s .  

T h e s e  m a t e r i a l s  m u s t  be low i n  

?' 
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VACUUM CONDITIONING O F  DIELECTRIC SPECIMENS 

A s e r i e s  of re inforced plast ics  d i e l e c t r i c  spec imens  based  on 

DC 2106 (s i l icone) ,  P 6 8 0  (DAIP polyester) ,  P631 (TAC polyes te r ) ,  and 

Imidi te  1850 ( re inforced  i n  one case with E g l a s s  and i n  the o t h e r  with 

J.P. Stevens quar tz  cloth) w a s  stabil ized under  vacuum at high t e m -  

p e r a t u r e .  The  spec imens  w e r e  s tabi l ized o v e r  a per iod of 1 2  days a t  

A m e r c u r y  diffusion pump with t o r r  at a t e m p e r a t u r e  of 350°F. 

a nominal  capacity of 75 l i t e r s  per second w a s  u s e d  along with a liquid 

ni t rogen t r a p .  

subs tances  w e r e  t rapped  during this per iod.  

Following vacuum stabil ization, both faces  of each spec imen w e r e  

All  spec i -  

Relatively l a r g e  quantit ies of w a t e r  and o ther  volati le 

ground to e n s u r e  f la tness  and para l le l i sm within 0.001 inch. 

m e n s  w e r e  approximately one -half wavelength thick. 

The  d i e l e c t r i c  constant and l o s s  tangent of each  s p e c i m e n  w a s  

calculated f r o m  resonant  cavity m e a s u r e m e n t s  m a d e  a t  9280 m c .  

d i e l e c t r i c  p r o p e r t i e s  obtained a r e  given i n  the following table:  

The 

Dielectr ic  Constant  
M a t e r i a l  

Imidi te  1850 
i n . - -  -.+- 1 3.38 3.38 0.0056 0.0063 
\uua1 L A ]  

-1 

Following the m e a s u r e m e n t  of the ini t ia l  d ie lec t r ic  p r o p e r t i e s ,  

a n  a t t e m p t  w a s  m a d e  to vacuum s tab i l ize  the two types of Imidi te  s p e c i -  

m e n s  in  small i r r a d i a t i o n  chamber  - ion pump a s s e m b l i e s .  

s e v e r a l  days  pumping, i t  did not a p p e a r  p r a c t i c a l  to s tabi l ize  t h e s e  

After  
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-4 spec imens  using these  s m a l l  ion pumps. 

range  have been obtained a f t e r  s eve ra l  days pumping a t  room t empera tu re .  

The spec imens  cannot b e  heated to promote  outgassing s ince  th i s  p r o -  

cedure  w i l l  r e su l t  in flooding the ion pumps with the at tendant  heating. 

P r e s s u r e s  in  the 10  t o r r  

The difficult ies being experienced indicate  the need f o r  making 

d i e l ec t r i c  m e a s u r e m e n t s  in  vacuum. 

the sec t ion  on High Vacuum Die lec t r ic  Measuremen t s .  

This  is d i scussed  a t  length in  

3 



HIGH VACUUM DIELECTRIC MEASUREMENTS 

The Hughes X-band resonant  cavity d i e l ec t rome te r  is designed to 

ope ra t e  a t  a tmosphe r i c  p r e s s u r e .  This  is a s e r i o u s  disadvantage when 

at tempting to  invest igate  the effect of s imula ted  space  conditions ( h a r d  

vacuum and s o l a r  radiat ion)  on the d i e l ec t r i c  p rope r t i e s  of re inforced  

p las t ics .  

varying amount  of moi s tu re  under o rd ina ry  a tmosphe r i c  conditions.  

Since the effect  of s imula ted  so la r  radiat ion under  h a r d  vacuum is being 

invest igated,  i t  becomes  necessa ry  to  vacuum s tab i l ize  the m a t e r i a l  

following each d i e l ec t r i c  measu remen t  p r i o r  to i r r ad ia t ion .  Making 

d i e l ec t r i c  m e a s u r e m e n t s  a t  a tmospher ic  p r e s s u r e  a l s o  in t roduces  an  

unknown va r i ab le  into the t e s t  resu l t s ,  that  is the effect  of abso rbed  

m o i s t u r e  on the d i e l ec t r i c  proper t ies .  

A l l  of the p las t ics  being cons idered  in  th i s  p r o g r a m  a b s o r b  a 

The foregoing considerat ions prompted  the invest igat ion of the 

prac t icabi l i ty  of operat ing a resonant  cavity type d i e l ec t rome te r  under  

conditions of ha rd  vacuum. Die lec t r ic  m e a s u r e m e n t s  w e r e  m a d e  at 

a t m o s p h e r i c  p r e s s u r e  and under  ha rd  vacuum on two s tandard  c e r a m i c  

d i e l ec t r i c  spec imens ,  fused  s i l ica  and py roce ram.  P l a s t i c s  spec imens  

we re  not m e a s u r e d  to avoid possible  contamination of the vacuum chamber .  

F i g u r e  1 gives  a block d i ag ram of the equipment u s e d  i n  making the 

m e a s u r e m e n t s .  

resonant  cavity.  

ready  fo r  measu remen t .  The m i c r o m e t e r  d r u m  w a s  ro ta ted  by m e a n s  

of shaf t  extending through a he rme t i c  rotating s e a l  mounted i n  the w a l l  

of the  vacuum chamber  and connected to  a r ight  angle  d r ive  mechanism.  

A small per i scope  w a s  mounted in the vacuum chamber  to  enable reading 

the m i c r o m e t e r  through the  vacuum chamber  viewing por t .  

In F i g u r e  2, the vacuum chamber  is  open to show the 

In F i g u r e  3 ,  the vacuum chamber  is  shown closed and 

A l l  mcasurexxents  w e r e  made a t  a f requency  of 9280 * 1 m c .  The 

cavity t e m p e r a t u r e  w a s  monitored by means  of a thermocouple .  

m e a s u r e m e n t s  w e r e  m a d e  in the t e m p e r a t u r e  range  of 72.5 

A l l  
0 to  75.5OF. 

The r e su l t s  of a total  of 38 m e a s u r e m e n t s ,  1 7  on the  p y r o c e r a m  

and 21 on the fused s i l ica ,  showed no significant d i f fe rence  i n  the ca l -  

culated values  of the d i e l ec t r i c  p rope r t i e s .  The table  which follows 

4 
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F i g u r e  2 .  High vacuum d ie l ec t rome te r  - c h a m b e r  open. 
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F i g u r e  3 .  High vacuum d ie l ec t rome te r  - c h a m b e r  c losed .  
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given the a v e r a g e  values  of d ie lec t r ic  constant  and l o s s  tangent for  

the two spec imens  f o r  each  p r e s s u r e  ( the complete r e s u l t s  recorded  

in  t h e  o r d e r  corresponding to that in  which the or ig ina l  m e a s u r e m e n t s  

w e r e  m a d e  a r e  tabulated in the Appendix). 

Specimen P r e s s u r e ,  
Type 1 T o r r  

Die lec t r ic  
Constant 

P y  r o c e r a m  
~ 

760 

10-8  

5.7442 4.44 

5.7451 4.50 

10-8 
I I 1 I I 

3.8298 1.62 

It m a y  be concluded from the foregoing r e s u l t s  t h a t  the operat ion 

of a resonant  cavity-type d ie lec t rometer  in  a h a r d  vacuum is prac t ica l .  

How e v e r ,  the us e of a conventional resonant  cavity i n  a vacuum c h a m b e r  

would still r e q u i r e  t r a n s f e r  of the s p e c i m e n s  f r o m  the cavity to  the  

radiat ion ce l l  with the at tendant  absorpt ion of m o i s t u r e .  A good solution 

would b e  the fabricat ion of a high vacuum resonant  cavity w i t h  provis ions 

f o r  i r r a d i a t i o n  of the spec imen while in  posit ion in the cavity.  Die lec t r ic  

m e a s u r e m e n t s  could b e  m a d e  before,  during and a f t e r  exposure  to  u l t r a -  

violet .  

d i e l e c t r i c  spec imen to  var ious  types of p a r t i c l e  radiation. 

T h e  d i e l e c t r o m e t e r  could be designed to allow exposure  of the 

8 



E F F E C T  O F  LOW LOSS REINFORCEMENT O N  
DIELECTRIC PROPERTIES OF PLASTIC LAMINATES 

Type of Die lec t r ic  
Reinforcement  Constant  

E g l a s s  4.27 

Quar tz  cloth 3.30 

D (556) g l a s s  3.39 

S (994)  g l a s s  3.74 

T h e  d i e l e c t r i c  constant  and loss tangent a t  9280 m c  w e r e  de te rmined  

for  DC 2106 lamina tes  re inforced with S (994)  g l a s s  cloth and D (556)  

g l a s s  cloth. 

f o r  DC 2106 l a m i n a t e s  re inforced with E g l a s s  cloth and q u a r t z  cloth 

( G e n e r a l  E l e c t r i c ) .  

f o r  each  type of DC 2106 laminate .  

The  r e s u l t s  w e r e  compared with those  obtained previously 

The following table  g i v e s  the d ie lec t r ic  p r o p e r t i e s  

Loss 
Tangent 

0.0065 

0.003 5 

0.002 

0.0085 

The  d i e l e c t r i c  p r o p e r t i e s  w e r e  a l s o  calculated f r o m  m e a s u r e m e n t s  

m a d e  at 9280 m c  on s p e c i m e n s  p r e p a r e d  f r o m  Imidi te  lamina tes ,  one 

containing 181 E g l a s s  cloth and  the o ther  containing s ty le  581 q u a r t z  

cloth supplied by J. P. Stevens.  Surpris ingly,  the loss tangent of the 

quar tz - re inforced  Imidi te  w a s  only sl ightly lower  than that of the E g l a s s -  

re inforced  Imidi te  (0.0059 v e r s u s  0.0067). T h e  d i e l e c t r i c  constant  of 

the quar tz  lamina te  w a s  much lower than that  of the E g l a s s  lamina te  

(3.38 v e r s u s  4.65), as  w a s  expected. Both l a m i n a t e s  contained nominally 

20 weight p e r c e n t  r e s i n .  
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POLYIMIDE RESIN 

The screening  evaluation of PI-21 01, a polyimide r e s i n  supplied 

by DuPont, is i n  p r o g r e s s .  A s e r i e s  of l a m i n a t e s  w a s  m a d e  and t e s t  

spec imens  w e r e  machined f o r  the de te rmina t ion  of d i e l e c t r i c  p r o p e r -  

t i e s ,  g a s  t r a n s m i s s i o n ,  vacuum stability and u l t rav io le t  r e s i s t a n c e .  

S e v e r a l  d i s c s ,  nominally 1/8 inch thick by 7/8 inch  i n  d i a m e t e r  
0 w e r e  s tabi l ized under  h a r d  vacuum at  a t e m p e r a t u r e  of 350 F. 

total  weight loss ( 0 . 6 3 % )  under  vacuum o c c u r r e d  at a p r e s s u r e  of 

5 x 10 

upon heating to  350°F while pumping down to 1 x 10 

The  

-6 t o r r  at room t e m p e r a t u r e ,  No f u r t h e r  weight loss  took place 
-8  t o r r .  

The s o l a r  a b s o r p t a n c e  and i n f r a r e d  emi t tance  of laminated PI-21 01 

w e r e  de te rmined  p r i o r  t o  ul t raviolet  i r r a d i a t i o n  and  found to b e  0.75 and  

0.87 respect ively.  

equivalent hours  reduced the s o l a r  a b s o r p t a n c e  f r o m  0.75 to 0.72, 

possibly due to a bleaching effect. 

I r rad ia t ion  a t  5 t i m e s  s o l a r  intensi ty  f o r  1000 s o l a r  

An a t tempt  w a s  m a d e  to de te rmine  the air t r a n s m i s s i o n  r a t e  f o r  

a PI-2101 lamina te  in  the as -molded  condition and  a f t e r  bein2 post-  

cured .  Both t e s t  s p e c i m e n s  leaked too rapidly to allow a n  a c c u r a t e  

de te rmina t ion  of the leak  r a t e  to  be made.  An e s t i m a t e  of the p e r -  

centage of voids in  the r e s i n  m a t r i x  w a s  calculated f r o m  the densi ty  

and composition of the lamina te  and found to be about 50  volume p e r -  

cent.  

the d e g r e e  of porosi ty .  

Optimization of process ing  conditions w i l l  undoubtedly r e d u c e  

10  
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C E R  AMICS E V A L  UA TION 

T h r e e  c o m m e r c i a l  c e r a m i c s  from A m e r i c a n  Lava Corporat ion,  

AlSiMag 243 ( f o r s t e r i t e ) ,  AlSiMag 748 (98% a l u m i n a )  and  AlSiMag 753 

(99.5% a lumina)  w e r e  t e s t e d  f o r  stabil i ty to ul t raviolet .  

m a t e r i a l s  1/8 inch thick and  7/8 inch i n  d i a m e t e r w e r e  exposedto  5 t i m e s  

s o l a r  radiation f o r  per iods  up to 1000 s o l a r  equivalent hours and the 

effect  on the s o l a r  a b s o r p t a n c e  determined.  

w a s  taken f o r  each exposure  t ime,  a "before" and "af ter"  value of 

s o l a r  absorp tance  is  given for  each exposure t ime f o r  each  m a t e r i a l .  

The s o l a r  absorp tance  m e a s u r e m e n t s  w e r e  m a d e  in  a Gier-Dunkel 

r e f l e c t o m e t e r  integrat ing s p h e r e  o v e r  the wavelength range f r o m  0.3 to  

2.7 m i c r o n s  in  10% i n c r e m e n t a l  s teps  following the Johnson curve.  

The  ref lectance s t a n d a r d  u s e d  was magnes ium oxide. 

D i s c s  of t h e s e  

Since a different  s p e c i m e n  

During the u l t rav io le t  exposure,  the f o r s t e r i t e  yellowed slightly,  

while both types of a lumina  turned lemon yellow. 

of the f o r s t e r i t e  w a s  vir tual ly  unaffected by the ul t raviolet  exposure.  

T h e  relatively p u r e  alumina (AlSiMag 753) w a s  affected m o r e  than the 

AlSiMag 748. 

The  s o l a r  absorp tance  

The complete  results a r e  tabulated in  the following table .  

Effect of ul t raviolet  on s o l a r  absorp tance  of c e r a m i c s .  

11 



' e m p e r a t u r e ,  OF 
4 o s s  Tangent  x 10- S p e c i m e n  Type r ' r e s s u r e ,  T o r r  i e l e c t r i c  C o n s t a n t  

5.7450 73.0 

~ 

5.13 760 

a 
a 
a 
8 x 

73.5 

73.5 

73.5 

73.5 

5.7421 

5.7421 

5.7480 

5.7429 

~ 

4.14 

4.14 

3.81 

5.44 

73.5 

73.5 

5.7433 

5.7438 

~~ 

3.51 

5.13 

760 

760 

74.0 5.7460 4.47 
P y  roce ram 

74.0 

74.0 

74.0 

74.0 

74.0 

3.51 

4.16 

5.45 

4.48 

4.16 

760 

760 

760 

760 

760 

9 
9 

9 

9 

5.7440 

5.7444 

5.7460 

5.7434 

5.7435 

5.7462 

5.7460 

5.7464 

-___ 

5.7458 

I 

74.5 

75.0 

75.0 

75.5 

4.79 

4.47 

5.12 

4.14 
~ ~~ 

760 

760 

760 

8 x 

8 x 

~~ 

3.8303 

3.8292 

3.8304 

72.5 

72.5 

73.0 

73.5 

73.5 

1.50 

1.50 

k :I 3 

1.63 

1.63 

. 

3.8294 

3.8235 

3.8286 

3.8286 

3 3 2 9 7  

1.51 

1.51 

1.50 

760 

760 

760 

8 x lo-'  

9 

73.5 

73.5 

73.5 

74.0 

74.0 

3.8295 

3.8296 

1.63 

1.63 
F u s e d  S i l i ca  

I 

74.0 

74 .O 

74.0 

74.0 

3 23298 

3.8300 

3.8295 

3.8292 

1.50 

1.31 

1.44 

1.63 

760 

760 

760 

760 

9 10-9  

9 x 10-9 

9 

9 

9 

9 
9 

74.5 

74.5 

75.0 

75.0 

75.0 

75.0 

75.5 

3.8298 

3.s237 

3.8298 

3.8298 

3.8300 

3.8302 

3.8302 

1.63 
4 1 2  
I ."> 
L.6 3 

1.63 

1.50 

1.63 

1.63 

Ca lcu la ted  d i e l ec t r i c  proper t ies  of d i e l ec t r i c  s t anda rds  m e a s u r e d  
under  a tmosphe r i c  p r e s s u r e  and hard  vacuum. 
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